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RECENT CHANGES IN THE NEW MEDIUM-RANGE FORECAST (MRF) MODEL

On Janhafy 26,‘1985, two modifications to tHe daily experiﬁental runs

‘of thekoew medium—rangevspectrel ﬁodel‘were eimultaneously implemented;

one was the use oft"ei1houette" mountainsgrthe other~a‘sma11 correction

of some aspects of the ﬁreatmeﬁt ofvwater Vabor, to. be referred to here

as the Viftoal temperature correctioo. iIn addition to some before-end-after
statistics, we willvdescribe"two oases of‘120;hour.foreeasts in‘which parallel
runs were mede with and w1thout‘mod1f1cet10ns, so- that comparlsons are poss1b1e.i
In a run on January 9, we tested the neﬁ mounealns only, while omn January

+24 both the mountains. and the virtual temperature correction'were.tested.

The silhouette mounteios, first described by Miotz (personal communication)
and adapted at NMCeby Mesiﬁger (1985), are intended to_pfesent'e‘more realistio'
‘proflle to 1nc1dent winds than can elther the relatlvely smooth mountains
in the operatlonai spectral model or the envelope topography used at ECMWF.
To'generate this‘topography for eech grid box, one first vieualizes‘the'
ﬁountains (as;gi§en by pointheleﬁétions:on the U.S. Nevy}s 1/6° topography)
projeeted along‘one,horizontal ooordinate'direotioﬁ et‘a time; ‘The highest_
:elevation ineeach colomn‘of points‘is taken:to represent that column. This
proeedure generetee a composite:row in eacﬁ coordinate . direction, and the
poinfsein these:twolrows areﬁaveraged_to.yield a representative elevatioh
Jforrthe grid box ag a Whole.f.ee can be seen from Figﬁfe 1, the mountéins
'\genefateaiére°oOnsiderab1§‘higﬁetvén& richer in detail then the operational
moontains.b Their heighte'turn out to be comparable to those of the envelope

mountains.
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Continued

Figure 1.



The virtualvtemperature'corfection consists of the removal of an approximation

that has always been part of the NMC spectral models - the use of the virtual

‘ temperaturé,(as‘defived hydrostatically from the initial geopotential field)

in places in the model where:the use of true temperature would be more exact.
Two areas requiredichangés;'one‘inVOlves'the diabatic adjustments - (dry
cbnvection, moist convection, and large-scale precipitation) - the other,

the initial calculation of the specific humidity field, given the virtual

'temperature an& fe1étivé humidity fields. The specific humidity, q, is

giveﬁ by
'q = r.h. x qg(T)

Whére qg(T) is the .saturation specific humidity at the true temperature

and r.h. is the-relativewhﬁmidity; Since T can't be recovered from the

virtual temperature Ty without.pribr knowledge of q itself, it is necessary

to iterate a‘fgW'times‘to‘get an accurate initial q field.. In thé operational
modél,,wha; is done is simply to;éubétitute ag(Ty) for q§(f);' The more
accuraté-method produces‘a smaller'initiél q, éspeciéll&lﬁéaf tﬁe surface

in the tropics, where~Tv-Thmay Be én the ofder of a few degrees; and the
accurate.-q seVerél‘g/kg>Smaller than'the approxiﬁate‘ﬁ, For example,:if

Ty = 30C and r.h;L :VO;SC, fhe uncofrected q estimaté gives 13.4 g/kg at

1000 mb,awhiie the corréqtedbq tﬁrné:out to be 11.8‘g/kg._‘Initially,'at

least, the smaller q's shouldvinhibitvslightly the ldng—wave radiational

‘warming; however, the error should tend to,be'self-correcting as the lower
‘atmospheric q values enhance the surface-to-air q gradient and increase

‘evaporation rates.
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- Case of Jan. 24

The:cqmbined effects dfféhe’Vir£ﬁ31 temPeratﬁfe7¢6rrecﬁioﬁuand}fhe
’silhéuefte mOUntains‘weré teéfédldn thé”qanuary 24 rﬁn‘(initial analysis
~shown in Fig. 2),'for‘whicﬁ a:gefieé’of‘ﬁoftherﬁsﬁemisbhére se; level pressuré
and 1000-5C0 mb‘thickﬁéss‘charts éfe,shown below (Figures 3jaﬁd 4)51'The
. four charts cﬁmpafed.in each figﬂféiare, reading ¢1ockwiSe frém the ubper
left, (1) the\neﬁ mediﬁm*réngé spectral With_éorfeétions described above-
(ﬂR*); (2) the neﬁimediumfrange spectrél without the corrections (MR); (3)
 th§ analySis¥yalid‘atythe’réieVant time; and:(A) the operatioﬁal spectral

model.

A‘anditionévat 72 hbur$:  At -this point in thevforecast, the MR and
the MR*ﬂéreVVery mucﬁ aliké as,fb fhé pgsitiops‘and general shapes'6f mos£
systems{  The dniyAarea:of striking difference is around the:high;éievations’
of-southérp Asia,>whére the MR¥* hés produced a 1002 -mb lowbalong‘latitﬁ&é
30° that is.éompletély absent‘in.the MR'andvthé:operationalf' The isobars

appear Qﬁite a bit noisier ovef land in the MR* than in the MR.

- There is little difference in the forecasting of the two major low’
systems - one sbuth of Greenland, the other near the Aieutians. Both the
MR and the MR* are superior to the operational in their thermal and pressure

fields for these systems.

120 hours: By this time, significant differéﬁces are apparent. While
- the operatioﬁalvéame closest'to-foreéasting the intensity of the 947 mb
Newfoundland low, the MR* Wasfthé;dnly one -of the three to move it far enough

to the east. All three models predicted a large: east-west oriented system
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in Fhe North Paéifiq, but‘the;Mﬁ*:Was tooyweék‘on its intenéity; The MR¥
did eitremely“well,Vhowever;Viﬁ}Créating>thfee small wave cyclonesf— in
Flofidé;~off Japan, and‘ip the easperﬁ'Mediterraﬁean % that verified and .
that_Were mis$éd for theﬁmost'pértfbyjtﬁé‘tWO othe? forecasts. Thefé is
séme indiééﬁion.thét in ﬁndiStutbe& frépicalﬂafeaé the virﬁual-temperature
correttion is éaﬁsihg ?h; Mﬁ* to bé;é féw‘&ecémetersvéolder iﬁ thicknéss

by 120 hours théﬁ the MR, which in turn‘is slightly colder than the analysis.

Case of Jan. 9;

Thé one éaée-évailab1e in“whichtthére is‘avclean éﬁmpariédﬁ invqlving
qnly the change in mountéiﬁs;is’ﬁhe run”initialized'on-Janua?y 9 -at 002
(Fig..Z).  As‘it,héppens, interesting differences‘show-up'eérliér in this
case than‘in thé January424 case,'in particular inAEhree Sysfems - a low
iﬁitially in thejﬁediterranéan; a wave pertpfbation;in‘the east central
Pacific, and the 1argé anticyciéﬁe‘quering‘North America. ' The forecast

1‘mapsffor this case (Figs. 5 and 6) are érrangedIAS in the January 24 case.

" Conditions at 48 hours: During the_fifst tﬁo‘days (Fig. 5), the MR déeﬁens
‘,the Medite#ranéan'low by 20 mb and moves i£ljﬁst ﬁdrth of therBlack Sea,

~while the modellwitﬁ‘tﬁe silhouetteumountains»(MR§5 &ééﬁens it only by‘ll'

mB‘to 99Ifmb and creates a wéak easf-ﬁest oriented trough (Whiéh verified).

The operatiohai'Aéepéned the low by 29 mb, whiie;the analysis shéWs a 3-mb
Weakening;"ThebPaéifié wave was observed to mové rapidly ﬁorfheastWard

to a positién just‘sbuthwést‘bf Alaska at 973'mb; with a.diéérggnized second

_ ‘wave shbWiﬁg‘up abOut‘lOOO km off the Washington cdgst.m The MR séems té

‘have lost thg firsthwavé,'whiie Both:the‘operational aﬁd the‘MR* both did

an ‘excellent job on intensity as: well as~on_p6sition. The North American
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Figure 6. As in Fig. 3, but for 120 hours (case of Jan. 9)



‘anticyclone was handled best by the MR*, which showed the most realistic
southward ridging'ﬁhrough Texas and. Nevada and troughing in‘New‘Mexicp.

The Alabama:Waﬁe was handled equally ﬁeli by the two forecésts;“

120 hours;{ Ovef-thgfngxt.threé daysrfﬁé U;S;'antiCyclone was cbserVQd
tq‘reméin nearly_stéﬁiﬁﬁary while é_cycibné‘forﬁé& in the ;ee'of.the Canadian
.Rbckiesiaﬁd°§cc1uded.over LékefSuéeriErVéﬁvfhésgrétié f?dhfk(fig. 6)..4The
Alabama'troﬁgh Had»moved;nértheastward‘énd ﬁaturéﬁ tofg 968-ﬁgni0w off Newfoundland;'
aﬁd a ﬁave_appéaréd?invfhevéé;ibbégn.‘_A'new{wave forﬁéﬂ.in,tﬁe‘éentraljr
”Pécific'and wasjprogressing eastwa?dHgiqng 1étitude 30°, éndla~trough devéloped :
northeast of Jépaﬁ;  Eq£h meéiuﬁ;féngé>modelsvpiékéd uﬁ‘the Lake Suberior‘
system~faéqnably well, with the MR¥* dqiﬁé‘a g§od1job on tﬁe}CaribbeangWéve.
The'MR* looked exceileﬁt on the Neﬁﬁopndlénd system _ fér better in both
intéﬁsity and:shape than the other;models.IVEOWéver, it missgd‘the lowjlatitude
‘Pacific wave almost entifely, havihg‘weakénéd it in thé»last‘24 hours, while‘
‘the other models_stréngthened iﬁ. .Finally,lphe’Japan‘ffOUgh'was ovérdeveloped

’ by'a11 of the models, moSt‘notably by the MR.

Statistical Comparison

g Wﬁilefnb,ijebtifé';tatistiéal cqmpérisons ar;,évailﬁblg for the two
-pafticuiér cases pfesentéﬁ above, ﬁe_dbuhéve availab1e a sef of-Nofthern'
; Hemiéphéfe andmaly'cdrrelétiOné.ét the SOdimb;level-for‘a sample‘bf five-day
forécasfs takenxfrom Dééémggruand’Jahuéry‘béﬁbré thé cofréction and andther
.set.for late Jéﬁuéry ana Fébfﬁary forécasts éfter the:corrections.’ fhe_
"éfter":foreéas£s>5hoﬁed aisubstantially'highér‘average‘séore (L739)’than
. the "béfore"‘forécasté (:646),'5ut‘it happened thaﬁ there was also aﬁ improvement

in the operational forecasts, which were .635 during the "after™ sample,



ﬁp‘from ;601 during the "beque“ sample.  Forfthis reason;,the best.stétistic
to look at is the aiffe:encésﬂin'score, (1) MR - operational ‘vs.  (2) MR*

- operationél§ For a sample.of 27 cases of~ea¢h,‘thé resﬁlt; as shown in
_‘Table 1 Eeiow were‘cleéfly:inifaﬁor Qf.the:MR?, .104 vs. 045, with standard
deviations of .OSO’an& 4075, feépec§ivé1y; fhe 't"ététistic shows that
the 95Z thfidehcé-iﬁterval fd; these means is'about .03, so thé‘differeﬁce4
would be high1y éiénifiéant if we were deaiing Qith:indepenaent events.. -
Independence is certainly not tﬁe"casejhere;.beqéUSe most of the test were

f‘ made on céﬁsécutive;days,'with:juSP a{few days missihg. Howéver; thebfesults
are quite convincing ifTiooked;éf‘noﬁ-paréﬁefrical}y, g;g;5'coﬁparipg the'
MR‘and the.the:MR*_;o‘theﬂoferéfiona11in_perms qf Wihs;”lossés; §nd:tie${i
Here the figures for the ﬁR éré 15 ﬁiﬁs, Q,ioSses,'and:3 ties;’thé‘MR*,

:24 wins, 1 loss, and 2 ties.

‘' Table 1. Comparison of medium-range models versus operational before and
after the virtual témperature and silhouette mountain changes.
The bottom line is the 95%'cohfidencé‘interval for the sample

mean,‘based on the t statistic.

BEFORE. CHANGE (N=27)"  o S " JAFTER CHANGE (N=27)

Operational MR MR#OEn1  ‘ oo 'Operatidhal MR* MR*-Opnl
mean 601 .646 045 - .635 . - ..730 - .104
s.d. .104 101 .080 . .079 066 .075

95% C.I. +.042 +.041 © +.032 +.032 +.027  +.030



Conclusions: .

On the basis of just5theftwo cases for which the surface mapsﬁwere:_
analyzed, While both of the'medium*range forecast are better than the operational,

1t is dlfflcult to prove the super10r1ty of the MR* over the MR The dlfferencesi7

that do emerge however are (1) a tendency for mature cyclones to be 1ess

‘1ntense in the MR* than in the MR and (2) for antlcyclones over hlgh terraln

to. be extra strong in the MR* ‘probably a. result of sea- 1eve1 pressure reduct1on

problems The 1000 500 mb thlckness field of the MR#* seems con31stent1y '

-a- bit colder than that of the MR, Judglng from contour values_ln undlsturbed

tropical regions.”

The 500-mb statistics for'the 54 cases examined make a much better
case'for choosing;of_the'MR* over the MR'and‘also.clearly establish the
sﬁperiority of the medium-range spectral models over the operational-model.

Reference

Mesinger, F., 1985: The sigma-system_problem. ‘Preprint volume, Seventh

- Conference on Numerical Weather_Predietion,"Montreal., To be published.



